.com is an interactive science Internet program for children aged 7 -9 developed with funding from the National Institute on Drug Abuse (NIDA). Based on NIDA's classroom curriculum, Brain Power!, we adapted and expanded this material to optimize online media. The primary objective of the curriculum is to provide an early foundation for drug abuse prevention efforts by educating elementary school-aged children about the brain and how alcohol, tobacco, and drugs can harm it. Secondary aims include improving knowledge, appreciation for scientific inquiry, and improving/sustaining a positive attitude towards science. The program employs engaging and entertaining elements including Flashbased activities and educational games. Assessment of the program occurred using a two-group, randomized case/control pre/post trial with a crossover design using a convenience sample. Child participants (N = 102) from control and case groups had similar knowledge and attitudes towards science at baseline. At post-intervention, there was a significant increase in knowledge scores for the case group; this increase was retained at the six-week follow-up. Case group attitudes towards science were more positive immediately after post-intervention than at baseline, and at follow up than at baseline. BrainTrain4Kids can be an effective tool for educating children about science and drugs, and has the potential to positively impact attitudes. It can be used as a part of a drug abuse prevention program either in schools or at home.
Introduction
In society, concerns abound that the age of first use of drugs is decreasing. The National Parents' Resource Institute for Drug Education (2002) reports that among 4th graders, 2.1% had smoked cigarettes in the past year, 5% had drunk beer, 2.7% had used inhalants, and 0.5% had used marijuana. An increase in all types of drug use was documented by the time children reached the 6th grade. DuRant, Smith, Kreiter, & Krowchuk (1999) found that among middle school children, 10.1% of smokers started at age nine or younger. Furthermore, the CDC (2007) reports that 24% of US students drank alcohol for the first time prior to age 13. Experience with alcohol significantly increases between 4th -6th grade (Donovan et al., 2004 ) and rises with each grade level, with boys more likely to have alcohol experience than girls. Although most school drug prevention programs are oriented to a middle school audience (Drug Strategies, 1999; e.g., NREPP, 2009; Winters, Fawkes, Fahnhorst, Botzet, & August, 2007) , evidence indicates that drug prevention should actually begin in elementary school. One study found that the use of alcohol in elementary school increased the use of alcohol in middle school by nearly three times (Wilson, Battistich, Syme, & Boyce, 2002) . Moreover, the same study found that early use of tobacco and marijuana in elementary school increased the use in middle school by five and four times, respectively. Hence, discouraging children from using drugs at an elementary school age could be beneficial in later years.
There is also the problem of children falling behind in the sciences to consider. A study has documented that fourth graders' performance in math and science is decreasing relative to other countries (NCES, 2003) . Moreover, in examining average science scores for fourth grade US students, 2007 scores were not measurably different compared to scores in 1995 (Gonzales et al., 2008) . Hence, science education in the US is in need of improvement.
The problem of drug abuse and erosion of knowledge in science can be addressed in tandem with a science-based drug prevention program. Focusing on early-age prevention, it is important to examine an effective mode for educating a young audience. Various health education programs have effectively used interactive technologies to teach children and youth in areas such as heart disease (e.g., Lindsay, Christie, Gaw, Packard, & Shepherd, 1994) , asthma (e.g., Lieberman, 2001) , HIV (e.g., Schinke, Orlandi, Schilling, & Parms, 1992) , and water quality (e.g., Yuan, Manderson, Tempongko, Wei, & Aiguo, 2000) . Thus, we predict that a technology-based curriculum can help the efficacy of drug prevention programs. It was found that the use of animated cartoons in a multimedia intervention significantly increased elementary student's science comprehen-sion and knowledge (Dalacosta, Kamariotaki-Paparrigopoulou, Palyvos, & Spyrellis, 2009) , suggesting that certain technology features are engaged to a younger audience. Our rationale is that, via technology, we can help children learn and appreciate science. We wanted to explore the practicality of technological solutions to the delivery of drug abuse prevention programs, which leads to our main research question: will an interactive, multimedia, Internet-based version of a science and drug abuse prevention curriculum be effective in changing knowledge and attitude of children about science and drugs? To answer this, we had two aims: 1) create, and 2) evaluate such a program to investigate whether an Internet curriculum effects changes in knowledge and attitudes.
We created a science education Internet curriculum, partly adapted from NIDA's classroom curriculum entitled BrainPower! The NIDA Junior Scientist Program, whose primary target audience is 2nd -3rd graders. We enhanced this program to use the full potential of the Internet and designed it with features including animated cartoons, Flash movies, quizzes which provide immediate and customized feedback, 3D modeling with objects that can be manipulated, supplemented in some instances with audio. There are significant differences between the two curricula, which necessitated a separate study to determine the impact of BrainTrain4Kids on children in the target age range. To our knowledge, no interactive Internet program is designed solely for educating children aged 7 -9 about science, neuroscience, and drugs for independent use. The primary goal is to lay the foundation for future drug abuse prevention efforts and scientific learning by educating children at an early age about the brain, the differences between helpful and harmful drugs, and how alcohol, tobacco and drugs affect the brain and body. Secondary objectives include improving knowledge and appreciation for science and scientific inquiry, and building or maintaining a positive attitude towards science.
Evaluation of the curriculum involved: Instruments: the development of instruments to assess knowledge and science/drug attitudes which were created in consultation with education experts.
Formative Analysis: a small pilot study of those instruments to determine the instruments' viability to measure knowledge, attitude and satisfaction with the program.
Summative Study: a final evaluation, to assess the impact of the curriculum in a randomized case-control study employing a test/retest methodology, and in which instrument/inter-item validity was examined.
Early Age Drug Prevention Programs
Multiple factors such as peers, media, siblings, and parents influence attitudes towards substances like alcohol. It is argued that since risk factors are present before initiation, prevention programs should start in elementary school and be reinforced in advanced schools (Bell, Kelley-Baker, Rider, &Ringwalt, 2005) .
NIDA (2003) outlines principles for school prevention planning, recommending that prevention commence in preschool to address risk factors for drug abuse. They indicate that children with risk factors at age seven, such as poor academic performance, are prone to engage in substance abuse by age 14 or 15. Subsequently, they suggest that delaying intervention until adolescence makes it increasingly harder to overcome risks, since children's attitudes are well grounded by then. Additionally, the US Dept. of Education (1998) recommends that parents begin to lay the foundation for later drug abuse prevention as early as kindergarten.
Numerous studies have shown significant knowledge retention in children through brief educational interventions, indicating the desirability of school-based health educational programs (Dressman & Hunter, 2002) . Nearly 85% of children ages 12 -13 attended drug education classes that included multiple sessions, with 75.9% reporting having attended in the past year. Among 9 -11-year-olds, the proportion of students attending similar drug education classes in the past year drops to 55.3 percent. Furthermore, only 12% of all youth ages 9 -18 have ever attended such a class outside of school (NIDA, 2000) .
Which Drug Abuse Prevention Programs Are of Proven Effectiveness?
The evaluation of the effectiveness of behavioral interventions such as drug use prevention programs involves quantitative and/or qualitative pre-and post-assessment of one or more of the core components of knowledge, attitudes and/or beliefs, and practice. A review by the National Registry of Evidencebased Programs and Practices (2002) found that there are a number of community-based or school-drug abuse prevention programs that were effective. However, Hallfors & Godette (2002) reported that a majority of schools were implementing drug abuse prevention programs which were neither evaluated for effectiveness nor exceeded limited effectiveness. They found that only 25% of teachers were using evidence-based programs, and that these programs appear to be more effective, partly as the teachers were specifically trained to teach them. The effectiveness of the popular and widely used DARE program was questioned; for example, one study conducted by the Research Triangle Institute for the Department of Justice failed to show evidence of reduced drug use in the schools and communities where the program has been implemented (Ennett, Tobler, Ringwalt, & Flewelling, 1994) . There is some evidence to suggest greater impact where teachers, rather than law enforcement officers conduct the program.
There is also some evidence to suggest that involvement of a combined team of families, teachers and other adults in children's drug abuse interventions may have a more positive impact than any one group alone, and that parents can have a positive impact on drug education and attitudes as well as teachers (Hanson, Deere, Lee, Lewin, & Seval, 2001) . Behavioral health intervention programs such as "Starting Early, Starting Smart" can provide effective approaches to delivering integrated behavioral health services for preschool as well as older children (Hanson et al., 2001) . In addition, a recent study by the Partnership for a Drug-Free America suggests that, among teens, a willingness to discuss drug use "regularly" in the family was associated with a significant decrease in drug use. The US Dept. of Education has produced guidelines that summarize how parents can educate their children about drugs at each age level.
Use of Computer Develivered Health Education for Youth
In a study by Lieberman (2001) , children and adolescents assume the role of main characters in a disease management video game, in which they must manage the character's chronic diabetes, like helping their character take appropriate amounts of insulin. Role-playing may help translate skills to real-life scenarios. After six months, children who used the video game experienced a 77% decline in diabetes-related urgent care and emergency room visits; also, this group improved in self-efficacy, diabetes self-care, and communication with parents about diabetes. The same study assessed a different video game about smoking prevention, found to be effective in increasing knowledge about the effects of smoking and attitudes towards not smoking. Anti-smoking attitudes and intentions at 10 -12 years of age atrophy when children reach 13 -14 years old, a time when many people pick up smoking.
The use of computer based education has clear advantages in terms of accessibility for home and school use and low utilization cost when compared to teacher-, health educator-or community-based interventions, relatively few health intervention programs have, to date, explored the potential of these media as tools for health behavior interventions. There is some evaluative research to support the view that this form of health education and behavioral intervention may be effective, although few studies have directly compared effectiveness with conventional approaches. In one study, the short-term impact on knowledge and interactive multimedia software on preventive alcohol education was positive in young adults (Reis, Riley, Lokman, & Baer, 2000) . Shegog et al. (2001) found that a new educational CD-ROM aimed at enhancing pediatric asthma education in children at ages of 9 -13 was effective at enabling children to self-manage their disease. Programs delivered through the Internet, CD-ROM, and other interactive software can improve the efficacy of risk communication (Strecher, Greenwood, Wang & Dumont, 1999) . According to Hornung et al. (2000) , a multimedia interactive CD-ROM developed to teach elementary age children about skin cancer was found to increase knowledge and awareness of skin cancer and in shaping positive attitudes towards sun protection, after their use of the software.
A computer programs format can encourage users to stay with the task longer and to absorb more material. Multimedia can also allow children to choose in a virtual safe environment (McPherson & Glazebrook, 2001) . The multimedia's receptiveness, partly occurs as technology can be incorporated and used as a game, far more interesting to children than plain text (Brown et al., 1997 ). Piaget's theory suggests that interactivity prompts children to take an active vice passive role in learning, and attention theorists suggest that programs that employ animation can keep children more alert (as cited in Hornung et al., 2000) .
Use of the Internet in Drug Prevention Programs
The Internet is a knowledge resource widely used for drug prevention information, with both governmental and non-governmental, community, educational and consumer-based organizations. An expanding range of novel interactive Internet or CD-ROM based tools is under-exploited for drug use prevention or in the general promotion of health behaviors among younger age groups. SAMHSA (2000) lists a number of programs nationwide that it deems "model programs". Of these, none offers an Internet component in order to be implemented and only two, the Too Good for Drugs (TGFD) program and the Protecting You/Protecting Me (PY/PM) program, integrate information about the effects of drugs and alcohol into a curriculum for 2nd and 3rd graders. To our knowledge, none have been converted to Internet-based applications.
BrainTrain4Kids Program Description
Based on NIDA's classroom curriculum Brain Power! for 2nd -3rd graders, we adapted material between 2004-2007 to make it more interactive. In doing so, we made the information more suitable to an Internet audience through our website. The value of an Internet-based program could increase access to, and aid in the dissemination of, such programs. Furthermore, we created additional material and all elements developed by us are copyrighted; this includes the games, many of the printables, the look and feel of the website, the assessment instruments, and all materials that were not taken directly from Brain Power!, and thus in the public domain. There were significant differences between the two programs, encouraging our study to assess the impact of our Internet curriculum. First, our curriculum differs in its design for independent use by the student in a non-school setting, as in the home. Unlike Brain Power!, our program omits information on illicit drugs of abuse, and instead focuses on tobacco and alcohol. Since the potential of iatrogenic effect for any prevention program exists, we decided that it should solely focus on legal substances. We felt that whereas a classroom-based teacher can adapt a presentation to students and determine an apt presentation-level related to illegal drugs, an Internet-based program lacks this option. Both programs use six main lessons, but BrainTrain4Kids focuses and emphasizes the scientific method, the brain, and prevention of alcohol and tobacco use. Features unique to our program include Playground which contains arcade-style games, and subsequent links to outside sites with brain teasers, puzzles, and games, as well as the Grown-up Guide, with information on how to use the website, website content, educational objectives, all printable and hands-on activities, and additional resources. Also, children can complete the Junior Scientist Quiz at the program's end.
The website www.BrainTrain4Kids.com is fully developed and users can self-register free of charge via the Internet. Albeit the program is designed primarily for children aged 7 -9, we tailored the site to parents, caregivers, and substance abuse workers. The program incorporates three minimum themes: science education, neuroscience, and drug abuse prevention.
Albeit our program is designed for independent use, we do not propose that children attempt to use the site without parental supervision. Children can navigate the program from any location at any time to allow them to work individually and to advance independently, rather than working under a classroom's pace. There is no time limit on how quickly a user must complete an activity. Since all the material on the website is designed using Adobe Flash technology, the user can stop at any time and return to the activity when convenient. Users navigate at their own pace, and to explore subjects of interest in as often as desired.
Three different methods of imparting information are used to engage the learner: the main program which presents and explains the basic curriculum, interactive educational materials (online riddles, quizzes, and games that provide immediate feedback), and offline activities that further review and link information to real life via science experiments and hands-on activities. The program employs educational games, taken from ideas of game theory to reach educational objectives. As noted in Cameron & Chudler (2003) , in science teaching, there has been a shift away from didactic teaching, and adaptation towards using an inquiry-based method; this inquiry and handson approach stimulates engagement in reasoning and problemsolving. Our program begins by introducing the steps of scientific inquiry. BrainTrain4Kids follows the National Science Education Standards (1996) for levels K-4 in the following categories:
1) Science as Inquiry: Understanding the abilities necessary to do scientific inquiry 2) History and Nature of Science: Science as human endeavor 3) Unifying Concepts and Processes: Systems, order, and organization 4) Physical Science Standards: Properties of objects and materials 5) Life Science Standards: Characteristics of organisms 6) Science in Personal and Social Perspectives: Personal health Drug prevention programs in the U.S. have seen a rise in science-based prevention programs (Winters, Fawkes, Fahnhorst, Botzet, & August, 2007) . For example, a program for high school students uses a multi-module curriculum, incorporating science-based information from areas such as forensic science, pharmacology, nutrition, and toxicology (Lennox & Cecchini, 2008) . In a study by Sigelman et al. (2003) , the scientific theory of drug action was used, by explaining the role of the brain in producing adverse effects due to cocaine and alcohol for 3rd -6th graders. Additionally, an alcohol prevention program for 1st -5th graders incorporates lessons and activities about the brain, its development, and the effects of alcohol on it, which increased knowledge and changed attitudes afterward (Bell, Kelley-Baker, Rider, & Ringwalt, 2005) . Similar to these aforementioned programs, our curriculum uses science information to impart our drug abuse prevention message.
In our research, we wanted application of facts, not just learning by rote. Underlying this approach is the constructivist theory, in which knowledge is best retained when there is active participation and a base of knowledge to build upon (Miller, Moreno, Willcockson, Smith, & Mayes, 2005) . Our program is designed linearly so that each part of the curriculum builds on information presented earlier in the program. Additionally, we employ a narrative approach so the user is entertained; narration occurs by a cerebral cortex, named Corty, who is the conductor of the Brain Train, and at some points, by Junior Scientists who travel with Corty as they learn about neuroscience. Learning can be enhanced through storytelling or a narrative (as cited in Miller et al., 2005) .
The program consists of six train stations that build a knowledge base encompassing science, the human brain, and how drugs affect the brain and body. Each station, in sequential order, focuses on a particular theme: Science Place (scientific inquiry), Brainville (brain function), Neurontown (how messages travel through the nervous system), Drugopolis (helpful and harmful effects of drugs), The Smoke Stacks (risks associated with smoking and what makes cigarettes addictive), and New Health City (what drugs do to your brain and body and how to stay healthy). Children can then learn how drugs and medicines affect the brain and body, using the knowledge gained in the previous stations about the brain and nervous system. This is unique, as few curricula teach the science behind drug addiction to elementary-school children.
Each station has four buildings that children can visit, with each one focusing on a different topic of science education. Building 1: Welcome Center, introduces what children will learn in the station, and Buildings 2 and 3 contain the bulk of the station's content while providing interactive lessons and activities. Lastly, Building 4: Brain Games, contains three categories of materials (Online Games, Printables, and Handson) that reinforce and supplement previous information presented in the station. Each building has a unique design aligned with the station theme. For example, in Station 5 (The Smoke Stacks), educational objectives focus on preventing tobacco use; Building 1 resembles lungs and in Building 2 (Tobacco Factory), the smoke stacks represent cigarettes. After completion of the six-station program, the user can click on the link to the final quiz at the end of Building 3 in Station 6 (New Health City) to earn a Junior Scientist Award and to print a Certification of Completion.
Each station must initially be accessed in numerical order. The buildings within each station are password-protected to encourage children to complete the buildings in sequence; the password for each building is given after completion of the previous building. While the Internet lends itself to a childdirected pace of discovery, we believe that a logical order is needed to internalize the educational objectives, especially when the child is using the program independently. Such a design allows children to build upon this knowledge and to maximize their understanding of concepts. This design should compel children to visit them in order, allowing them to use knowledge gained in prior lessons to complete the following building's activities and games.
Methodology Formative Analysis
We created the BrainTrain4Kids website as well as new software for course development. This software enabled research staff to add content through simple, user-friendly editors. Among the range of research methods used by us is the testing of the system and product usability. During development, BrainTrain4Kids was assessed using a series of iterative, formative usability evaluations. The main goal was to gather qualitative information about the process of interaction between the user and the tested software application. By replicating the natural pattern of Internet use with a focus on qualitative behavioral data, a relevant and objective assessment of a user's experience is obtained. This is crucial for building successful web applications. Usability testing was conducted at two different stages of the web application development. The general areas of research included the communication of the site's purpose, the navigation, design, download time, performance of the application, and organization of the home page, the folders, and the separate pages (Nielson, 2000; Nielsen & Tahir, 2001) . A total of seven usability tests were held with parent/child pairs, in which formalized evaluations solicited feedback from children (aged 7 -9) and their parents. Concurrently, feedback was sought from professional teachers of this age group, and our education and content consultants. Child participants evaluated the website in a usability lab setting; testing was conducted on all stations and the overall site. After each round of formative analysis, we employed an iterative process to adapt the website in response to feedback; information from each round of testing led to changes that were incorporated into the program before the next round of testing. Changes included navigation related issues, graphics/artwork, adding voice-over to all main program text, and similar interface changes.
In addition, a small pilot study was conducted prior to the summative study to assess the instruments and the research protocol. The instruments were pretested with 30 parent/child pairs, to determine the instruments' viability to measure knowledge, attitude and satisfaction with the program. Each pair completed a standardized informed consent process, and was assigned a user name and password. Each knowledge and attitude item included a follow-up question that asked the child if they thought they understood the question, or if it confused them. We also used a short instrument to gather feedback from the parents including topics such as level of language complexity in the questions themselves, the parent's perception of the child's understanding of the Likert-style answering scale, any technical problems with delivery, and the length of time that it took to complete the instruments.
The responses to the knowledge test showed that there was neither a ceiling nor a floor effect for the knowledge instrument. Some questions were clearly more "difficult" as determined by the high number of incorrect answers. Children reported understanding the format and the questions, even if they didn't know the correct answer. The attitude scale did show a slight ceiling effect, as anticipated. Average scores for the positive questions ranged from 4.5 to 4.8 on a 5-point Likert scale, and "negative" questions such as "Smoking cigarettes is good for your health" had perfect disagreement. The only question which children and parents reported difficulty with was "People who exercise are cool" since it was pointed out that "exercise makes you hot".
No technical difficulties were found, and the online instruments passed the usability tests. As there were neither technical difficulties nor floor or ceiling effects, the knowledge instrument was not revised after the pilot test. We considered revising the attitude instrument in order to reduce the ceiling effect that the data suggested. There were compelling arguments against this route. First, it was unlikely that we would be able to demonstrate a strong improvement in attitude towards science with this age group using a simple survey instrument, since children in this age range are well known to answer questions "the right way." While it would be quite interesting to develop a more versatile instrument (e.g., using open ended questions, scenarios, or science stories), that was beyond the project's scope. Second, the primary goal of the instrument was to check for any unintended negative changes. The potential for iatrogenic like effects with any drug use prevention is well established in the literature; the attitude survey's main purpose in the final study was to assess the presence or absence of such effects. Findings from the pilot study indicated that the instrument items and format were usable and sufficiently clear to the target audience; hence, they were used at the beginning of a sentence.
Summative Study
Recruitment of subjects occurred via a variety of local papers and appropriate publications. Print materials included Carolina Parent Magazine and newspapers such as the Santa Fe New Mexican and the Albuquerque Journal. However, many recruitment advertisements were also posted online, in places such as Craig's List, Postaroo, LookSeek classifieds, OK4Free.com, and online newspaper and news station classifieds in Texas, California, and North Carolina. These advertisements noted that parents must have children between the ages of seven and nine (or, in the second or third grade), be at least twenty-one years old, and have regular Internet access. Parents were asked to contact the researchers via email for more information about the study. Once we received a request for more information, we sent the parents a screening document. Information requested included the gender, ethnicity, race, age, and Internet use of both parents and child, as well as the child's birth month and year, and school grade. The inclusion criteria were: interest in the project and willingness to participate. Exclusion criteria included an inability to use a computer. The screening document was also used to obtain adequate representation from gender and minority groups. Distribution by race is shown in Table 1 ; distribution of participant ethnicity is shown in Table 2 .
Participants selected for the study were chosen to mirror the target enrollment as closely as possible. When the child participants (N = 102) were randomly assigned to either the control or case group, some care was taken to divide the demographic groups evenly.
Evaluation Instruments
We measured the effect of the intervention by developing two instruments. The outcome measures focused on changes in 1) knowledge and 2) attitude. Scales were developed to measure these outcomes. Furthermore, satisfaction surveys were developed to assess components of the website.
Knowledge areas are based upon the objectives of the Brain Power! curriculum and include: knowledge of basic components of scientific inquiry, names and functions of four major parts of the brain, basic information on what a nerve cell is and how nerves cells work, the differences between drugs and medicines, and the effects of nicotine on the brain and lungs.
The knowledge instrument consisted of 21 total items; there were 16 multiple choice and 5 True/False (T/F) items. The T/F items included "I don't know" as a possible response. The questions focused on recognizing the five main parts of the brain and functionality, understanding the steps of scientific inquiry, and negative health effects of tobacco use and alcohol misuse. Attitudinal/belief change goals include instilling in the target audience a general appreciation of science, an appreciation the brain and of the importance of keeping the brain healthy, and the belief that drugs can harm the brain. Attitudinal change is influenced by via interactive tools and features.
The attitude scale was a 16-item instrument that assessed the child's attitude towards science (6 items), health (5 items) and related health behavior issues (5 items). For example, items asked about science attitudes in general ("I think doing science is fun"), health/drug prevention ("Drinking alcohol can be harmful to your brain"), and health behavior ("I think exercise is fun"). Thirteen items were answered with a five-point Likertstyle scale ranging from NO! to YES!, with the available option of "I'm not sure what this question means." In addition, three items were related to the health behaviors of others, for example, "If someone I knew was smoking cigarettes, I would feel…" These questions had four possible answers: not at all worried about them, a little worried, very worried, or I don't understand this sentence.
Satisfaction scales were designed and measured components of the website including its utility, clarity, completeness, and ease-of-use. The measure also included global assessments including the user's overall satisfaction, willingness to reuse the website and to recommend the website to other professionals/ individuals, interest in using Internet-based resource compared to paper-based, and perceived value. The scale is given after the curriculum intervention. Our standard for success is based on how many participants rated the item favorably. We deem any item that receives less than a 75% favorable rating (or a lower rating than other items) to indicate weakness. We then reevaluated the website to identify why that aspect was unsatisfactory. User self-report helped us answer: Will they recommend it to others, do they want to use it again, is it better than other means, and will it affect how they seek out additional resources?
Study Design
Parent/child participant pairs were randomly assigned to either the control or case group, and assigned individual usernames and passwords. The study used a two-group, randomized case/control pre/post trial with a crossover design. Child participants were asked to complete assessment measures (knowledge and attitude) at three time points. As shown in Table 3 , the control group completed the knowledge and attitude measures at baseline, after a six-week wait period with no program intervention, and finally, a third time after "crossing over" to use the intervention. This crossover design allowed control group participants program access after the wait period. Case group participants were given knowledge and attitude measures at baseline, after using the intervention, and at a six-week follow-up. Administration of the pretest to the control group at baseline and after the six-week wait period provided information on the test-retest reliability of the measures. The follow-up test with the case group provided data on whether or not the effects on knowledge and attitudes were maintained. Participants spent a maximum of thirteen weeks in the study, but some participants were unable to finish the study, and others were discontinued due to concerns over their participation (see Limitations).
If a parent/child pair was selected for the summative study, the parent received consent and assent forms via mail. The parents were instructed to read and sign the consent forms, as well as to read the assent forms with their child before having the child sign them. Informed consent could also be completed by a brief phone conversation with two research members. After consent, parents received a link via email to the pretest (knowledge and attitude measures) instructions, which would ultimately provide us baseline measures. Child participants were asked to complete the pretest within one week of this initial email. After completion, parents were told whether their child was in the control or case group.
Children in the control group were asked to wait six weeks without viewing the BrainTrain4Kids website. In contrast, parents of children in the case group were sent a link to the website and were instructed that their child was allowed to use the website at their own pace over the next six weeks. Six weeks after baseline in which both control and case groups took the pretest, all parents received an email asking their child to complete a second assessment, which contained the same questions as the pretest. These participants were given one week to complete this. If the participants did not complete the second assessment, they were sent a reminder email.
Once the participants completed the second assessment, they received another email with instructions for the final step. Control group participants were given a link to the website and were told that they had six weeks to view the entire site and finish the course. If the children did not complete the post-test at the end of six weeks, parents received a reminder email for their children. The case group was asked to wait six weeks, at the end of which they were sent an email with a link to the follow-up, and instructions to answer this within a week. Again, the third assessment for each group was the same as the baseline and second assessment taken by all participants.
Results
Factor analysis was deemed insufficient for this sample size and type of analysis. Both knowledge and attitude measures were tested for internal reliability, using Cronbach's alpha. A result was deemed statistically significant when p < .001.
Participants who did not complete the experience: Seventy-two 
Knowledge Assessment Scoring and Item Analysis
After the child participants completed the knowledge instrument, each answer was scored with either a 1 or a 0, for correct or incorrect answers, respectively. Skipped questions were treated as incorrect. Each child's set of knowledge questions was scored for a possible total of 21. Cronbach's alpha revealed that the T/F item 18 ("Some drugs are always helpful") had a negative item-test correlation. Due to this finding, responses to item 18 were excluded.
As the knowledge scores illustrate in Table 4 , the average of correct answers at baseline from the control and case groups, were 53.75 and 52.67, respectively. Using a repeated measures ANOVA test, it was determined that there were no significant differences in the knowledge scores of the control and case participants at baseline (p = .484). After the second assessment, the knowledge scores of the case group increased, whereas those of the control group did not (see Table 4 ). At this point, a repeated measures ANOVA test showed that the difference in knowledge scores of the control and case participants was statistically significant (p < .001). Additionally, between the first and second administration of the assessment in the control group, the knowledge scores did not change significantly (p = .057). After the third assessment, the scores of the control group increased, while the case group's scores remained the same compared to their scores from the second assessment.
A repeated measures ANOVA test was also used to compare the knowledge scores of boys versus girls as well as knowledge scores of children ages 7, 8 and 9. No significant differences existed among these groups.
Attitude Assessment Scoring and Item Analysis
Attitude scores were determined for the 13 questions answered with the Likert-style format by summing ratings for each statement. The statements were rated from 1 to 5; a score of 1 signified strong disagreement; a 5 meant strong agreement. Generally, agreement was considered a favorable response. However, some of the statements given were expected to elicit disagreement rather than agreement ("Smoking cigarettes can be helpful to your body"). The scores for these questions were reversed so that children who responded with a 1 received a score of 5, those who responded with a 2 received a 4, and so on. This allowed us to standardize the scores so that a high overall score was considered positive.
Additionally, there were three attitude items regarding health behaviors of others that consisted of four possible answers: not at all worried about them, a little worried, very worried, or I don't understand this sentence. The responses were given the following scores: 5 was given to the most favorable response, 3 to "A little worried about them", and 1 was given to the least favorable response. It was found that all items had positive item-test correlations; the internal consistency reliability of the 16-item attitude outcome (across groups and administrations) was 0.711, indicating an acceptable level of balance between internal consistency and uniqueness for the items in the scale.
As shown in Table 5 , the average of correct answers for the attitude test at baseline from the control and case groups, were 85.31 and 86.58, respectively. Using a repeated measures ANOVA test, there was no statistically significant difference between the control and case groups at baseline (p = .519). However, after taking the second assessment, these two groups had significantly different scores (p = .012). The control group's score also changed insignificantly from the pretest (p = .666), but the case group's score increased significantly (p < .001).
In the control group, scores on the second and third attitude assessments were compared using a paired samples t-test. The scores were found to be significantly different (p = .001), which suggests significant gains in the participants' attitudes towards science and against drugs. In the case group, a paired samples t-test comparing the second and third assessments did not find a significant decrease in this group's scores. However, the scores from the third assessment of the case group were insignificantly higher when compared to the pretest scores.
A repeated measures ANOVA test was also used to compare the attitude scores of boys versus girls and the attitude scores of children ages 7, 8 and 9. Insignificant differences were found among the scores of these groups.
Qualitative Feedback from Parents and Children
Parents provided a variety of comments during the research study both voluntarily and via satisfaction surveys. Parents indicated that their children found use of the website fun, that the information was useful, and that, while it contained a significant amount of information, it was valuable to expose their children to the vocabulary and served as a way to initiate family based conversations about both science and drug abuse and prevention. Several parents mentioned that while their children did not like "science", the children did like playing the BrainTrain4Kids "game".
Discussion
Since there was an insignificant difference in baseline scores between the control and case groups, the children in both groups were comparable in knowledge and attitudes about science and drugs. This allowed comparison of the two groups. We are confident that there was no measurable testing effect that could alter our results, because the control group did not show any significant differences in knowledge and attitude scores after completion of the second assessment.
In the case group, we found that there was a significant increase in knowledge scores on the second assessment, as compared to their pretest scores and the control group's second assessment scores. The control group's knowledge scores increased significantly after the program intervention, which shows that this group learned from BrainTrain4Kids after use. The case group's knowledge scores at follow-up did not significantly differ from scores in the second assessment. Thus, our findings demonstrate that children in the case group retained knowledge changes over a follow-up period of six weeks.
After evaluating the impact of the program's education experience on children's knowledge, our results support that children can and do learn material related to neuroscience. This underscores the inclusion of more specific neuroscience in curricula related to health, science, and substance abuse prevention, even at early ages. As noted in Cameron & Chudler (2003) , a knowledge base of the brain and how drugs affect the brain may help children understand other conditions, such as learning disabilities of students who have ADHD or dyslexia.
Unfortunately, the attitude results were less dramatic. For the case group, there was a significant increase in average attitude scores on the second assessment, as compared to their pretest scores and the control group's second assessment scores. Furthermore, compared to the second assessment, the average attitude score decreased insignificantly in the third assessment, to a point where it could not be considered different. Moreover, case group attitudes towards science were higher at follow-up than at baseline, but the difference is statistically insignificant within this sample. One possible explanation is that this is due to a ceiling effect since the children initially had high scores at baseline, subsequently making an increase in attitude difficult to observe. Noteworthy is that use of the program significantly improved attitudes for both control and case groups, and negative effects were absent; iatrogenic effects were unseen. Attitudes towards science and drugs were influenced in the hopedfor direction.
The attitude baseline scores were consistent with other research focused on elementary-aged children towards science, such as Sorge (2007) review of science attitudes from ages 9 -14. We are unaware of other current research that discusses the attitudes of children in the U.S. as young as 7 and 8 towards science. Our finding, even with such a small sample size, that 7 and 8 year-old girls and boys share the positive attitude with their older counterparts (aged 9 -11 in the Sorge study) is a contribution. One would expect that, in a broader sample, the overall positive attitude would be lower. Nonetheless, it is encouraging that our attitude results align with other studies indicating that negative attitudes towards science are absent in the early elementary years. Based on a search of current elementary attitudes toward science, there appears to be research on this area in other countries, including places such as the UK (e.g., Jarvis & Pell, 2005; Osborne, 2003) but a dearth of current data on attitudes of US elementary-age students towards science still exists.
Overall, the program is effective in increasing children's knowledge of the brain and nervous system and positively impacts children's attitudes on science and drugs regardless of race, gender, or age, assuming that all children are between 7 and 9 years old. Furthermore, parents and children reported high satisfaction with the program. Parents were concerned that their child might not retain the information if the child did not continue to use the site after the course, yet the brief follow-up for the case group indicates this is not necessarily the case. The real world use of the program will permit children to return to the website, as often as desired. Many of the interactive games and the offline activities are designed to attract repeat visits. Furthermore, it is possible that parents and children did not realize that they were welcome to return to the website after program completion. Many parents said that their child found the website engaging and that the information was helpful and well-presented. However, many parents also mentioned that the information was either too complicated or, in some cases, boring. Another consistent theme included that the program was a useful starting point for family discussions of the issues. The overall anti-drug message was well-received, but the details about brain parts and nervous system functionality were difficult to grasp for some children. It is interesting that the knowledge results indicated that the children as a group could grasp more material than the parents envisioned.
Limitations
An unanticipated finding is a cautionary note about Internetbased research. From our participation inquiries, we believe that as many as five "parent participants" lacked a child participant. For example, one "parent" gave different birth-dates for a child periodically, without correlation to earlier responses when queried. One of the dates would have excluded participation by the "child." Other "child users" completed online survey forms after midnight in their stated time zones. Bearing in mind that the study period was during the typical academic year, and that the child participants were aged 7 -9 years, we concluded that these were not actual participants, and hence excluded the data. When queried by email regarding the time stamp of the survey forms, two parents did not reply, strengthening our belief that there was not an actual child participant or they were apathetic.
To circumvent these challenges, we developed a series of questions about the child participant during the informed consent interview, with Institutional Review Board (IRB) approval. This information was not verified, but the ability of the potential participant to answer questions became an inclusion criteria. Questions were child-focused, related to current events, and tangent to general science learning. Since this was a screening interview to determine eligibility to participate, the questions were appropriate and not invasive; for example, Can you tell me some other child friendly websites your child uses at home/ school? We noted that some individuals who presented themselves as "parents" were unable to answer these questions or to provide appropriate answers. With a convenience sample, we opted to omit these potential participants. All together, fewer than 10 "potential" parent/child pairs were uninvited to participate or continue with the study. Additionally, we dropped five participants who turned in surveys with times stamps between midnight -6 am, times that would be unreasonable for a child to be awake to take a survey.
Since this was a convenience sample, the parents were interested in their child participating, and the child may be more interested in the topics of science or drug prevention intervention and more motivated to do well. Conversely, the child participants might resent their parents forcing this study and respond in an unintentional poor manner. Post hoc analysis determined that the instruments had strong validity, but the primary measure used was face-validity. Children aged 7 -9 often answer attitude questions the way "they think they should" rather than honestly, or may have insufficient background knowledge to be able to accurately self-assess.
In a study by Krishna et al. (2003) , an internet-enabled multimedia program was developed to educate children about asthma, by including animated lessons and real-life scenarios; in addition to increasing knowledge, the program decreased emergency visits and lowered morbidity. In comparison to this study, we did not directly assess behavior. It is unclear whether the knowledge and attitudes gained will ultimately influence or alter behavior. There was no longitudinal follow-up, and the incipient follow-up was brief. The program was also short in duration; frequent use of the program might yield more significant findings. Rideout (2001) reports that among young "health surfers" aged 15 -24, 39% altered their behavior in response to observed online health information. Thus, knowledge of online information can cause people to act. The same rationale that people can alter behavior based on knowledge was used in our curriculum, in the effort that a young elementary-age audience also has the capacity to change attitude by providing them a knowledge base about science and drugs.
Our program used a targeted approach to cater to children aged 7 -9, but this age range may be considered broad. A more targeted approach to this age group might have been more effective, or a focus on a high-risk child population. Also, due to a small sample size, we cannot generalize our results to children at-large; regardless, our results are promising.
Conclusion
Alcohol and tobacco use among youth prompts the need for drug abuse education. Delay in initiation of alcohol or tobacco use is a significant public health goal. We addressed the problem of drug abuse by developing and evaluating an interactive program. We took a traditional educational intervention and transferred it to a new technology, in this case the Internet. Perhaps other programs with proven efficacy can be incorporated into a new technology. Our technology-based curriculum is fun and maximizes entertainment via games and animations to motivate and engage the user. It is science-based, and introduced scientific inquiry to lay groundwork for later problem-solving while teaching the science behind drug abuse and addiction.
The goal of BrainTrain4Kids was to lay a foundation for later drug abuse prevention programs and interventions by educating an elementary school-age audience. This gave children a knowledge base for drug abuse prevention efforts by offering educational games, interactive science lessons, and hands-on activities that teach about science, the brain, and drugs. We conclude that our program was effective in increasing general science and scientific inquiry knowledge, and in instilling positive attitudes toward science. Currently, a decrease in positive attitudes towards science occurs toward the end of elementary school (Sorge, 2007) . Further research of early elementary-age students towards science and health could raise understanding of these attitudes, especially as educators try to determine how to affect this decrease. Moreover, this area warrants research as an atrophy of science understanding may result in an inability for children and youth to make informed rational health choices. More research is also needed to assess if teaching the science behind drug abuse and addiction is effective, with a challenge to do so at an appropriate age level.
While the conclusions are limited to this specific intervention and a small sample size, the positive results suggest that interactive Internet-based materials such as game-style elements can be an effective way to deliver drug abuse prevention and to educate an elementary-age audience. Another implication is the use of the Internet to be used independently by children, and that it can be used as a medium to increase science and health knowledge, while improving attitude. Ergo, these results suggest that the Internet can be an effective tool for developing and implementing children's educational tools for other curricula.
However, more research is needed to assess if games can be effective with other teaching curricula and other age groups, as in continuing education courses for medical students and healthcare professionals. One study found that third-year medical students who used a Jeopardy-style game, vice the lecture teaching method, to learn about ectopic pregnancy, had an insignificant difference in knowledge learned between the two groups. Albeit, students who used the game rated it significantly higher in helping to retain information, overall enjoyment, and stimulating faculty/student interaction while learning about ectopic pregnancies (O'Leary, Diepenhorst, ChurleyStrom, & Magrane, 2005) , suggesting that the game format offers additional advantages. A future challenge will be investigating how games can be applied to different curricula and how they can be specifically applied to an Internet curriculum, designed for independent use. More research on how to maximize the effectiveness of Internet programs in increasing knowledge is needed.
As future educational resources become even more restrictive, programs such as BrainTrain4Kids can expand the classroom teacher's reach without straining limited time. As the Internet takes a role in health education, appropriate websites and educational programs can be of avail outside the classroom as educational tools. This study's results, complemented by positive reviews of both parents and children, imply that BrainTrain4Kids is useful to enable parents and teachers to educate children about science and drugs. This program can be a growing resource of drug prevention education and prevention. Our study implies that our program can complement a drug abuse prevention program in schools or at home; likewise, it can be a great economical investment to achieve results.
